Chromatin interactions measured by the 3C-based family of next generation technologies are becoming increasingly important for measuring the physical basis for regulatory interactions between different classes of functional domains in the genome. Software is needed to streamline analyses of these data and integrate them with custom genome annotations, RNA-seq, and gene ontologies. We introduce a new R package compatible with Bioconductor-Hi-C Annotation and Graphics Ensemble (HiCAGE )-to perform these tasks with minimum effort. In addition, the package contains a shiny/R web app interface to provide ready access to its functions.
Introduction

5
The three-dimensional organization of the genome plays a fundamental role in the 6 regulation of gene expression [4] . In the last 15 years, Chromosome Conformation 7 Capture (3C) technology [5] has enabled a detailed exploration of nuclear architecture 8 by identifying regions of interacting DNA. Subsequent 3C-based methods (e.g. 4C [14] , 9 5C [6] , Hi-C [11] , ChIA-PET [8] , and HiChIP [12] have allowed for more comprehensive 10 and precise analysis of chromatin interactions by incorporating next-generation 11 sequencing and chromatin immunoprecipitation into the original method. Multiple 12 browsers are available for exploration of 3D-interactions in the context of genomic 13 annotations [11, 15] . It is currently possible to annotate enhancer-promoter interactions 14 with R [10] genes associated with all other interaction pairs. Users may filter genes to remove low-57 or non-expressed genes. Enrichment statistics are produced for each significant term.
58
By default, terms are ordered by classic Fisher's exact-test p-value.
59
Summary and Visualization
60
To capture the complex relationship between genomic architecture, chromatin state 61 interaction, and gene expression on a whole genome level, HiCAGE utilizes the R 62 package Circlize [9] to integrate the three datasets visually as shown in Figure 1a . This 63 Figure 1 . a. Example using Hi-C data from the K562 cell line [13] . The inner 
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Both the circular and annotation summaries can be generated dynamically on the 74 shiny app. To illustrate these concepts and validate HiCAGE, we plotted data for YY1 75 and CTCF ChIA-pet from [16] . This study demonstrated that in contrast to the 76 DNA-binding insulator protein CTCF, which demarcates the boundaries of topological 77 association domains, YY1 mediates local interactions within these domains.
78
HiCAGE analysis of these data confirms these results, showing that for YY1, 
